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The voice of patients with laryngeal carcinoma 
after oncosurgery
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ABSTRACT
The voice of patients indicated for surgical procedures in treating of dysphonia is already damaged
before the operation. The problem, which exists at the level of glottis patients usually try to solve by com-
pensative mechanisms.  The quality of voice after the interventions in larynx depends on the type and
width of resection, disturbance of physiological phonation mechanisms, and ability to establish optimal
phonation automatism. The damage of laryngeal structure, especially its glottic part and vocal cords as
its central part, no matter if they are just fibrous or they are partially or totally absent, leads into the
development of substitutive phonation mechanisms. The most frequent substitutive mechanisms are:
vestibular, ventricular, and chordoventricular phonation. There are some variations of these phonation
mechanisms, which are conditioned not only by applied surgical technique, but as they are also individ-
ual characteristics, they can be the consequence of applied rehabilitation methods. The diagnosis of
voice condition before and after the oncosurgical procedure is done by: laryngostroboscopy, subjective
acoustic analysis of voice, and objective acoustic analysis of voice (sonography or computer analysis of
acoustic signal). The most of laryngeal carcinomas appear in glottic region, so the function of phonation
imposes itself as the objective parameter to measure the quality of life after the oncosurgery of larynx.
That is the reason why according to the priority, it is just behind the principle of "oncologic radicalism".
Phonation as the most complex laryngeal function seems to have secondary importance. All known
operative techniques, especially partial resections, have the preservation of phonation as their goal.
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INTRODUCTION 
T
he malignant laryngeal tumors were rarely diagnosed in 19th century. Just after the cig-
arettes mass-production started in the beginning of 20th century, they became more fre-
quently diagnosed (1). Phonomicrosurgical resection of small glottic carcinoma is very
successful in 90% to 95% of patients, but in case of advanced tumor of the vocal cords, it
cannot replace other surgical procedures.
Therapeutic indications are pointed at removing of the malignant tumor at first, but also at
the preservation of other functions larynx has, as well as to try to solve the problem of voice
disorder, which appears after the tissue resection or total removal of larynx (2).
The voice of patients indicated for surgical procedures in treating of dysphonia is already
damaged before the operation. The problem, which exists at the level of glottis patients usu-
ally try to solve by compensative mechanisms.  The quality of voice after the interventions
in larynx depends on the type and width of resection, disturbance of physiological phona-
tion mechanisms, and ability to establish optimal phonation automatism (3). 
In the conditions after the surgical procedures at vocal cords, maybe as nowhere in human
body, that the unity of organic and functional is reflected. If we should give advantage to
one of these two we could enter the magic circle, out of which, according to Vuka￿inovic
(4), there is just one exit that is both organic and functional, especially when therapy is con-
sidered.
The damage of laryngeal structure, especially its glottic part and vocal cords as its central
part, no matter if they are just fibrous or they are partially or totally absent, leads into the
development of substitutive phonation mechanisms (5). Depending on performed surgical
method and condition in larynx after the operation, there is a different adaptation of some
structures at creation of voice.
After the partial vertical laryngectomies Mandell et al. (6) found by videostroboscopic exam-
ination that in the vibrating part of resected larynx contralateral false vocal cord comes first,
second is the contralateral arytenoid mucosa, and third is contralateral true vocal cord. In
the group of patients with arytenoidectomy, the most frequent location of vibration is con-
tralateral arytenoid mucosa, and in the group of patients without arytenoidectomy, mostly
vibrated is the contralateral false vocal cord. The best quality of voice is achieved with the
participation of true vocal cord, then with the vibration of false vocal cord, and at the end
by vibration of arytenoid mucosa.
The common characteristic of almost all findings after the phonosurgical interventions are
the signs of hyperkinesis at the level of larynx, so the task of vocal rehabilitation is to estab-
lish the phonation automatisms as close to normal as possible. The most frequent substi-
tutive phonation mechanisms are vestibular, ventricular, and cordoventricular. There are
some variations of these phonation mechanisms, which are conditioned not only by applied
surgical technique, but also by individual characteristic, and can be the consequence of
applied rehabilitation methods as well. The change of fundamental frequency is also char-
acteristic, especially after oncosurgical procedures, in men to higher and in women to lower
level (7,8). As reported by Jovic (9), reconstructive laryngeal surgery demands three
anatomic units necessary for normal functions of laryngeal rests (10):  (1) cricoid ring for
undisturbed respiration; (2) the possibility of constriction of the mobile part necessary for
phonation; and (3) the valve system which has sensitive and motor innervation necessary
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partial laryngectomy with cricohyoidoepiglottopexy, in creation of neoglottis, cricoarytenoid
and suprahyoid part of epiglottis participate by their approximation.
Laccourreye et al. (12) in patients with surgically formed tracheolaryngopharyngeal shunt
after Pearson (13) analyzed the voice with subjective and objective parameters. They found
statistically significant increase of Fo (preoperative, medium value 110,7 Hz; postoperative,
medium value 162.7 Hz), as well as the noise components of voice. Although there exist-
ed the significantly lesser number of words spoken in one minute (preoperative 155 Hz;
postoperative 97 Hz), they consider that such voice and speech are sufficient for the social
contact. The diagnosis of voice condition before and after oncosurgery is performed by:
laryngostroboscopy (14,15), subjective acoustic analysis of voice (16-20) and objective
acoustic analysis of voice (sonography or computer analysis of acoustic signal) (21-23).
THE MOST OFTEN SUBSTITUTIVE PHONATION MECHANISMS
Cordoventricular voice
It is also called glotto-ventricular voice. It arises by approximation of healthy vocal cord and
contralateral ventricular fold, above the diseased-surgically treated vocal cord, as the con-
sequence of striving for compensation of disturbed organic structure or function. We see it
mostly after cordectomy or in cases of vocal cord sulcus, but it can appear in other condi-
tions. There is a fast voice fatigue (Figure 1).
Ventricular voice 
By the approximation of two ventricular folds, we get the ventricular voice. Glottic approxi-
mation deficit caused by disturbance of function (vocal cord movements) or its deficiency
or significantly changed structure (massive loss), leads into creation of ventricular voice.
The development of ventricular voice exists after oncosurgery (horizontal glottectomy), in
recurrent nerve paralysis or fixation of cricoarytenoid joint as in hypertrophy of ventricular
folds (congenital or inflammatory).
The existence of ventricular voice is explained by the connection of ventricular folds and sty-
lopharyngeal muscles. As ventricular folds are not supposed to be used for phonation, the
voice produced in this way is not of good quality and there is fast fatigue and hyperkinetic
stereotype of vibration (Figure 2).
Vestibular voice
Forced movements of aryepiglottic folds, which imitate sphincter function, lead into the
development of vestibular voice. Besides, it can arise as the consequence of oncosurgical
procedure, in which the most part of larynx is resected and it appears after the loss of func-
tion of both vocal cords, because of both laryngeal recurrent nerve paralysis. The voice is
compensated by involvement of the structures mentioned above. In rare cases, the vocal
cords are intact, and the patient uses vestibular voice, like after the lung injury or prolonged
intubations. The voice is created with great effort along with fast fatigue and hyperkinetic
stereotype of vibration. (Figure 3: The sonography finding).
PHONIATRIC DIAGNOSTICS 
The findings of laryngo(strobo)scopy
In cordoventricular compensation, laryngoscopy usually shows an incomplete approxima-
tion between the vocal cord and contralateral ventricular fold, while videostroboscopy
shows vocal cord vibrations: asymmetrical, asynchronous, and irregular. Ventricular folds
rarely vibrate, and there is a hyperkinetic stereotype of phonation.
In patients with ventricular voice, laryngoscopic finding shows incomplete approximation of
ventricular folds, while vocal cords, if present, are hidden underneath them.
Videostroboscopy shows asymmetrical, asynchronous, and irregular vibrations with
decreased amplitudes. In cases of vestibular compensation, laryngoscopically there is
incomplete contact between epiglottic base and aryepiglottic folds and interarytenoid
mucosa. Videostroboscope shows that interarytenoid mucosa vibrates.
The findings of subjective acoustic analysis of voice
Subjective acoustic analysis of voice in patients with cordoventricular voice shows a sig-
nificant degree of hoarseness and breathiness, while sonography shows significant pres-
ence of noise, with changed harmonic structure. In patients with ventricular compensation
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Figure 2. The sonography finding in ventricular voice: vowels a, e, and i
Figure 3. The sonography finding in vestibular voice: vowels o and e Figure 1. The sonography finding in cordoventricular voice: vowels a, e, and isubjective acoustic analysis of voice shows heavy hoarseness and breathiness with sig-
nificant decrease of voice pitch. When there is a vestibular voice, subjective acoustic analy-
sis of voice, determines significant hoarseness and breathiness.
The findings of objective acoustic analysis of voice (sonography)
Sonographic findings in cordoventricular compensation (Figure 1) are characterized by
shortening of harmonics (incomplete harmonics) and decreased number of harmonics as
well as great distance between harmonics along with the presence of noise
(24).Sonographic findings in ventricular voice (Figure 2) are characterized by poor har-
monic structure and presence of a lot of noise, which completely covers harmonic com-
ponents (24). Sonographic findings in vestibular compensation (Figure 3) are made of rare
harmonics and lots of noise (24).
CONCLUSION
The success of laryngeal oncosurgery is primarily estimated by the removal of pathologic
process. The most of laryngeal carcinomas appear in glottic region, so the function of
phonation imposes itself as the objective parameter to measure the quality of life after
oncosurgery of larynx. That is the reason why according to the priority, it is just behind the
principle of "oncologic radicalism". Phonation as the most complex laryngeal function
seems to have secondary importance. All known operative techniques, especially partial
resections, have the preservation of phonation as their goal.
REFERENCES
1. Zeitels MS, Healy BG. Laryngology and phonosurgery. N Engl J Med 2003;349:882-92.
2. Vokes EE, Stenson  MK. Therapeutic options for laryngeal cancer. N Engl J Med 2003;349:2087-9.
3. Milutinovi￿ Z. Studija glasa posle leŁenja karcinoma larinksa.1st ed. Beograd: RO Nova knjiga;
1985.
4. Vuka„inovi￿ M. KliniŁka procena znaŁaja uspostavljanja fonacijskih automatizama kod pseudo-
tumorskih uzroka disfonija. Rad u￿e specijalizacije. Beograd: Medicinski fakultet; 1999.
5. Milutinovi￿ Z. Pregled supstitucionih izvora laringealnog glasa. Acta Otorhinolaryngologica
Serbica 1995;2-3:138-40.
6. Mandell LD, Woo P, Behin SD, Mojica J, Minasian A, Urken LM, et al. Videolaryngostroboscopy
following vertical partial laryngectomy. Ann Otol Rhinol Laryngol 1999;108:1061-7.
7. Milutinovi￿ Z, Krejovi￿ B, Miji￿ M. Uporedna studija glasa u bolesnika operisnih ili zraŁenih zbog
karcinoma larinksa. Symp Otorihinol Lug 1986;21(1):33-7.
8. Kim CH, Lim YC, Kim K, Kim YH, Choi HS, Kim KM, et al. Vocal analysis after vertical partial
laryngectomy. Yonsei Med J 2003;44(6):1034-9.
9. Jovi￿ R. Uticaj resekcije laringofaringealnih struktura kod malignih tumora larinksa na funkciju
gutanja (disertacija). Novi Sad: Univerzitet u Novom Sadu; 1998.
10. Milovanovi￿ J, —or￿evi￿ V, Trivi￿ A, Baljo„evi￿ I, Milovanovi￿ A, Petrovi￿ ﬁ, et al. Rezultati hemi-
laringektomije u primarnom hirur„kom leŁenju karcinoma larinksa. ACI 2004;LI(1):27-9.
11. Crevier Buchman L, Laccourreye O, Wuyts LF, Monfrais Pfauwadel M-C, Pillot C, Brasnu D.
Comparison and evolution of perceptual and acoustic characteristics of voice after supracricoid
partial laryngectomy  with cricohyoidoepiglottopexy. Acta Otolaryngol 1998;118:594-9.
12. Laccourreye O, Crevier Buchamn L, , Muscatello L, Hans S, Menard M, Brasnu D. Speech and
voice characteristics after near -total laryngectomy-a preliminary prospective study. Ann Otol
Rhinol Laryngol 1998;107:1061-5.
13. Jovi￿ MR, Swoboda H. Near total laringektomija po Pearsonu: radikalan operativni zahvat sa
Łuvanjem fonatorne funkcije larinksa. Med Pregl 2002;(11-12):481-4.
14. Hirano M, Yoshida T, Yoshida Y, Tateishi O. Strobofiberoptic video recording of vocal fold vibra-
tion. Ann Otol Rhinol Laryngol 1985;94:588-90.
15. Milutinovi￿ Z. KliniŁki atlas poreme￿aja glasa. 1st ed. Beograd: Zavod za ud￿benike i nastavna
sredstva; 1997. p. 195.
16. Dejonckere HP. Perceptual evaluation of pathological voice quality: Reliability and correlations
with  objective measurements. International Symposium: Care of the Proffesional Voice and
Phonomicrosurgery; Sep 25-27, 1997; Athens; 1997. p. 131-5.
17. Mitrovi￿ S. Karakteristike glasa bolesnika sa karcinomom glasnice odre￿ene "RBH" i "GIRBAS"
skalom. Med Pregl 2003;(7-8):337-40.
18. Mitrovi￿ S. Subjektivna akustiŁka analiza tumorske disfonije primenom "RBH" skale. Srp Arh
Celok Lek 2003;131:40-2.
19. Mitrovi￿ MS. Comparative analysis of voice in diagnostics of T1 and T2 vocal cord carcinoma.
Arch Oncol 2003;11(4):239-42.
20. Makeieff M, Barbotte E, Giovanni A, Guerrier B. Acoustic and aerodynamic measurement of
speech production after supracricoid partial laryngectomy. Laryngoscope 2005;115(3):546-51.
21. Mitrovi￿ MS. Disfonija kod tumora glasnica. 1st. Novi Sad: KZ Ljubitelji knjige; 2002. p. 88.
22. Had￿itodorov S, Mitev P. A computer system for acoustic analysis of pathological voice and
laryngeal diseases screening. Med Eng Phys 2002;24(6):419-29.
23. Mumovi￿  MG. Konzervativni tretman disfonija.1st ed. Novi Sad: Medicinski fakultet; 2004. p. 284.
24. Mitrovi￿ MS. Hirur„ka terapija disfonija. Rad u￿e specijalizacije fonijatrije. Novi Sad: Medicinski
fakultet; 2004.
Mitrovi￿ S. et al.
78
www.onk.ns.ac.yu/Archive    July 30, 2005